Introduction
In 1976, the Diabetic Retinopathy Study Research Group showed that laser photocoagulation could prevent visual loss in patients with diabetes mellitus (DM) and diabetic retinopathy (DR); laser treatment was beneficial in reducing the risk of further visual loss, but it was not beneficial in reversing already diminished visual acuity (VA).
1 However, patients with diabetes are not receiving this preventive treatment early enough, because some patients with sight-threatening diabetic retinopathy (STDR) may not have had symptoms that prompted an eye examination.
2-4 Besides, the incidence and prevalence of blindness is lower in populations where screening for DR has been established compared to populations without screening.
5
Therefore, a screening schedule for retinopathy in patients with DM seems to be appropriate.
Several clinical practice recommendations for initial and subsequent screening for retinopathy in diabetes patients have been developed in United States and Europe. The American Diabetes Association recommended that patients with type 2 DM (T2DM) should have an initial eye examination shortly after the diagnosis of diabetes, and patients with type 1 DM (T1DM) should have an initial exam within 3-5 years after the onset of the disease. Afterwards, subsequent eye examinations for both T1DM and T2DM patients should be repeated annually.
6
In Europe, the Retinopathy Working Party recommended that eyes of diabetes patients should be examined at diagnosis of DM, at least every 2 years thereafter, and at least annually once retinopathy appears.
7 However, as pointed out by Younis et al., these recommendations were based on expert consensus opinion rather than direct evidence.
8 To our knowledge, only two publications from the Liverpool Diabetic Eye Study estimated from direct evidence of a systematic screening program how frequently patients with T1DM and T2DM should be screened for STDR.
8,9 Younis and colleagues estimated that screening patients with T2DM with no retinopathy (n = 3743) every 5 years provided a 95% probability of remaining free of STDR.
8 The Liverpool findings were consistent with those previously reported by Vijan and associates, which concluded that annual screening for patients with T2DM with no DR was not cost-effective and that increasing the interval between screenings should be considered. 10 However, long intervals between screening visits may lead to a fall in patient compliance, and therefore screening every 3 years was finally suggested instead. Although they also estimated that screening patients with T1DM with no DR (n = 305) every 5 years provided a 95% probability of remaining free of STDR, screening every 2-3 years was also considered to be more appropriate. 9 Younis and colleagues found that patients with T2DM with the longest duration of diabetes were more likely to progress to STDR.
8 They also reported that longer duration of diabetes was an independent risk factor for the development of STDR in patients with T1DM (i.e., Relative Risk = 1.068).
9
The purpose of the current study is to estimate safe screening intervals for the presence of STDR in patients with DM who are free of DR or who already have mild nonproliferative diabetic retinopathy (NPDR).
Methods
A 6-year retrospective follow-up study was conducted in the Department of Endocrinology of Cruces's Hospital (Vizcaya, Northern Spain). Funduscopic results of eyes from patients with DM referred by local general practitioners at primary care level were reviewed between 1998 and 2004. Patients who had retinopathy data available at the time they were first screened (baseline) and at least one subsequent screening visit were included in the study. Patients with laser treatment in at least one eye at baseline were excluded. Each screening visit had been planned to evaluate the presence and stage of retinopathy by means of a 45º nonmydriatic retinal camera with an instant film Polaroid ® device (Canon ® CR4-45NM). One fundus photograph centered on the macula had been taken of each eye.
11 Age, sex, glycated hemoglobin level, type of DM, diabetes duration, and treatment of DM had been recorded at baseline into a questionnaire, as well as VA that had been measured for each eye separately using a Snellen chart at 6 m. Depending on age at diabetes onset, participants had been categorized as having younger onset (<30 years of age) or older onset (≥30 years). Younger-onset participants were considered to have T1DM if they were also receiving insulin. Older-onset individuals who required insulin during the first postdiagnosis year were also considered to have T1DM. Type 2 DM was considered in patients with an older onset in the absence of insulin dependence during the first year after diagnosis. The duration of DM was defined as the interval between the first diagnosis of the disease by health personnel and the first screening exam for DR in the present study. The study was conducted in accordance with the 1983 Declaration of Helsinki. Table 1 describes patients' characteristics at baseline according to DR status (cohort free of DR and cohort with mild NPDR). The percentage of patients that had T2DM was significantly larger in the cohort with mild NPDR than in the cohort free of DR. The percentage of patients that were treated with insulin was over 90% in both cohorts. As expected, diabetes duration and level of glycated hemoglobin were also significantly larger in the cohort with mild NPDR at baseline. No patient was censored due to laser treatment after baseline. Six patients (two free of DR and four with mild NPDR at baseline) required laser treatment in one of their eyes afterward. Five of them reached the outcome of interest (STDR) after laser treatment.
For the purpose of this study, stored Polaroid photographs were graded by the same retina specialist and classified as gradable or nongradable. Gradable images were labeled according to the following international scale that identifies five levels of DR:
13 (1) no apparent retinopathy, (2) mild NPDR, (3) moderate NPDR, (4) severe NPDR, and (5) proliferative diabetic retinopathy (PDR). Gradable photographs were also classified according to two major levels of STDR: absent or present. Sight-threatening diabetic retinopathy was defined as DR requiring referral to an ophthalmologist according to the following screening threshold: moderate NPDR or more severe retinopathy and/or suspected macular edema (hard exudates within one disk diameter of the fovea associated with a VA less than 6/9 in the absence of another cause of reduced vision). Levels of disease for each patient are presented for the worst eye.
Data collection was done using a specially designed questionnaire and was carried out by a physician who was not involved in the ophthalmic care of these patients. Data from the questionnaire were entered into a portable computer IBM ® ThinkPad 600 using a Microsoft Access ® database program. The mean and the standard deviation of the data were given to describe continuous variables. Chi-square tests were used to compare frequencies among subgroups of patients. Nonparametric methods were used where appropriate. 14 The life-table method was used to estimate the risk of reaching the outcome of interest by follow-up time intervals, and log-rank tests were performed to test for equivalence of groups.
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The screening interval that could be safely adopted for patients with DM for early detection of STDR (safe screening interval) was defined as the interval for an estimated probability of at least 95% of remaining free of STDR. Younis and colleagues (i.e., the Liverpool Diabetic Eye Study) made their recommendations "to give a minimum of 95% certainty of remaining free of STDR" in their published papers. 8, 9 Thus to gain comparability of our results, we used the same criteria. Calculation of probabilities was done using Stata ® 8.0 for Windows (StataCorp, College Station, TX), and statistical significance was considered when p values were less than 0.05.
Results
The results in this report were based on analysis of 430 patients with DM with complete data collected after reviewing 1856 consecutive screening visits. A total of 286 diabetes patients free of DR and 144 patients with mild NPDR at baseline were included in the study. Glycated hemoglobin level (%) 7.9 ± 1.5 8.4 ± 1.5 <.001 a Mean ± standard deviation.
The probability of remaining free of STDR for patients free of DR at baseline was 97% (95% CI 94-99%) at the end of the fourth year ( Table 2) . After 4 years, the probability of STDR-free survival dropped to 87%. In this cohort of patients, those with T2DM were more likely to progress to STDR than those who had T1DM (p < .01). Patients who had T2DM had a probability of STDR-free survival of 92% (95% CI 70-98%) after the fourth year (Figure 1) . The probability of STDR-free survival was not statistically significant (p = .247) between patients who had had diabetes for longer than 10 years compared to patients with shorter diabetes duration at baseline (Figure 2) . Similar results were also found for patients with glycated hemoglobin level over 7.5% at baseline (p = .317) compared to those with lower levels (Figure 3 ).
For patients with mild NPDR at baseline, the probability of remaining free of STDR was 99% (95% CI 95-100%) at the end of the first year of follow-up and dropped to 94% (95% CI 88-97%) at the end of the second year ( Table 2 ). Figure 4 shows the relationship between probability of STDR-free survival and type of diabetes in this cohort of patients. Patients who had T2DM had a probability of STDR-free survival of 92% (95% CI 78-97%) at the end of the second year compared to the probability of 95% (95% CI 87-98%) in those who had T1DM (p < .001). The probability of STDR-free survival was not significantly different (p = .945) between those patients who had had DM for longer that 10 years compared to those patients with shorter diabetes duration at baseline (Figure 5) . Different results were found for patients with glycated hemoglobin level over 7.5% at baseline compared to those with lower levels (Figure 6 ), because the probability of remaining free of STDR was still 100% at the end of the second year for those with a glycated hemoglobin level less or equal to 7.5% at baseline (p < .05).
The screening interval for at least a 95% estimated probability of remaining free of STDR for no baseline retinopathy was 4 years for those who had T1DM and 3 years for those who had T2DM. For patients with mild NPDR at baseline, the screening interval for at least a 95% estimated probability of STDR-free survival was 1 year, but it rose to 2 years in those who had T1DM or in those with a level of glycated hemoglobin less or equal to 7.5%.
Discussion
Little research has been done on the screening intervals that could be safely adopted for patients with DM for early detection of STDR. Most of the published studies have examined the incidence and risk factors for progression of DR. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] A review of the 10-year screening of microvascular complications in patients with T2DM.
38
Younis and colleagues did not report on metabolic control of DM, because glycated hemoglobin was not measured routinely in retinopathy screening programs in the United Kingdom, especially in primary care. 8, 9 One potential limitation of this study may be that the photographic procedure used for screening had a sensitivity of 91.9% and a specificity of 89.7% (i.e., the study designed to assess its validity compared a 45º nonmydriatic retinal camera with a Polaroid instant film versus biomicroscopy with a 78D lens and reverse image ophthalmoscope as the standard method).
11
Even though some deviation from the true incidence of STDR is expected (i.e., sensitivity and specificity of the screening procedure was less than 100%), the potential for bias seems to be low, because both parameters are close to 90%. Other studies assessing the validity of Polaroid photography compared to digital imaging suggested that nonmydriatic retinal photography using Polaroid film could be as effective as digital imaging.
39
Besides, our definition of macular edema is different from the U.S. standard of clinically significant macular for DR in Iceland between 1995 and 2005 revealed that screening every other year seems to be safe in patients without retinopathy.
31
Although the present study differed from those reported by Younis and colleagues on retinopathy classification (mild NPDR and moderate NPDR in the present study would have been included in their background retinopathy definition), our results from patients free of DR at baseline might be compared to theirs. 8, 9 It has been recognized that long screening intervals may lead to difficulties in maintaining contact with patients. 32, 33 In the present study, the screening interval that could be safely adopted for early detection of STDR for patients with DM with no baseline retinopathy was estimated to be 4 years for those who had T1DM and 3 years for those who had T2DM. The slightly shorter screening intervals estimated by our study for patients with diabetes free of DR may be explained by the higher average diabetes duration of our patients at baseline (10.1 years) compared that reported by Younis and colleagues (7.8 years in T1DM and 3.0 years in T2DM).
8,9
In the present study, we did not find a statistically significant association between duration of diabetes at baseline and the probability of survival free of STDR, in contrast to cross-sectional studies that have shown an increased prevalence of retinopathy with longer diabetes duration.
3,34-37 For patients with mild NPDR, our study revealed a positive association between metabolic control of DM and STDR. A significantly lower probability of survival was found for patients with mild NPDR and glycated hemoglobin level over 7.5% at baseline. Therefore, diabetes patients with mild NPDR and glycated hemoglobin levels less than or equal to 7.5% may be more protected from progression to STDR. Our findings are consistent with those previously reported by the U.K. Prospective Diabetes Study that showed that intensive blood glucose control decreased the risk edema. We considered "suspected macular edema" (i.e., presence of hard exudates within one disk diameter of the fovea associated with a VA less than 6/9 in the absence of another cause of reduced vision). We did not consider swelling, because stereo vision of the macula (i.e., by ophthalmoscopy or stereo fundus images) would have been needed to determine its presence.
Conclusions
In summary, although the optimum frequency of screening may still remain controversial, this study provides some evidence that recommendations to patients with DM may be given on the basis of their risk. Therefore, changing the frequency of screening for diabetes patients with no retinopathy from 1 to 3-4 years may not have a detrimental effect on early detection of STDR, while possibly reducing screening costs. The ability to generalize the results from the present study to other screening situations will depend on the comparability with the populations being screened, as well as the validity of the method used to detect STDR.
Further research using prospective data from larger studies would be required to fully characterize optimal screening intervals before final recommendations can be made.
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